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[57] ABSTRACT 

A curable cyanoacrylate adhesive composition intended for 
medical and/or veterinary uses is sterilized in liquid form by 
gamma irradiation. The composition comprises 

a) a cyanoacrylate monomer 

b) a combination of an anionic stabilizer and a free-radical 
stabilizer in amounts effective to stabilize the compo- 
sition during irradiation and to stabilize the sterilized 
composition during storage prior to cure, wherein the 
free radical stabilizer is a selected phenolic antioxidant 
(but not including hydroquinone). 

The preferred free radical stabilizer is butylated hydroxya- 
nisole. After irradiation the cyanoacrylate monomer is sub- 
stantially ungelled. 
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To carry out irradiation at low enough temperatures to 
achieve solidification of the adhesive composition is not a 
practical proposition for industrial production. Sterilization 
should be performed on the liquid adhesive temperature at or 
near to room temperature. 5 

A minimum dose requirement of 25 kGy (2.5 Mrad) 
gamma radiation is generally accepted as adequate for the 
purpose of sterilization (U.K. Department of Health "Qual- 
ity Systems for Sterile Medical Devices and Surgical Prod- 
ucts", 1990 Good Manufacturing Practice, HMSO, London). 10 
A dose of 2 kGy (0.2 Mrad) would be wholly inadequate for 
achieving sterilization. 

U.S. Pat No. 3,527,224 Rabinowitz describes a method of 
surgically bonding tissue using an adhesive composition 
based on n-pentyl alpha-cyanoacrylate which is subjected to 15 
partial polymerisation to increase its viscosity. Radiation 
such as gamma rays can be used to get both the desired 
partial polymerisation and sterilization in a one-step process. 
However a free-radical inhibitor must be introduced into the 
composition after the irradiation, with the risk of introducing 20 
bacterial contamination. The method of thickening would be 
difficult to quench effectively after the desired viscosity is 
achieved. 

The present Applicants have invented a sterilized adhe- 25 
sive composition which contains monomeric cyanoacrylate 
in a substantially ungelled condition and which therefore is 
of low viscosity. The composition contains all of the nec- 
essary ingredients before it is sterilized by irradiation. The 
composition can be readily and fully sterilized by gamma 3Q 
irradiation with a minimum dose of 25 kGy (2.5 Mrad) at 
room temperature without any significant increase in vis- 
cosity while mantaining the necessary performance and 
shelf-life of the adhesive. 

Hydroquinone is generally used as the free-radical stabi- 35 
lizer for cyanoacrylate adhesives under normal ageing con- 
ditions. If a sufficient concentration (e.g. 500-1000 ppm) is 
present it will also be an effective stabilizer to prevent 
polymerisation during gamma irradiation treatments. How- 
ever chemical changes to the hydroquinone molecule occur 40 
during the treatment, resulting in the conversion of approxi- 
mately 25% of the hydroquinone to 1,4-benzoquinone. This 
material is known to be toxic and its presence in an adhesive, 
especially if used for medical applications, would be unde- 
sirable. 4J 

It is an object of the present invention to provide a 
sterilized cyanoacrylate composition which does not have 
the disadvantages discussed above. 

It is a particular object of the invention to provide a 
sterilized cyanoacrylate composition which is substantially 50 
free of toxic contaminants, especially 1,4-benzoquinone. 

SUMMARY OF TOE INVENTION 

The present invention provides a curable cyanoacrylate 55 
adhesive composition for use in bonding, wherein the com- 
position has been sterilized in liquid form by gamma irra- 
diation and is the irradiation product of a composition 
comprising „ 

60 

a) a cyanoacrylate monomer, and 

b) a combination of an anionic stabliser and a free-radical 
stabilizer in amounts effective to stabilize the compo- 
sition during irradiation and to stabilize the sterilized 
composition during storage prior to cure, 65 

wherein the free-radical stabilizer is a phenolic antioxidant 
selected from compounds of the formula I and II: 



4 

OH I 




R3 



wherein 

R 5 is — H, an alkyl group having 1 to 20 carbon atoms, an 
alkenyl group having 2 to 20 carbon atoms or an aryl 
group having 6 to 36 carbon atoms; 
Ri, R 2 , R 3 and R 4 , which may be the same or different, are 
each R 3 or — OR 3 ; 
provided that when Rj, R 2 , R 4 and Rg are each — H, R 3 is 
not —OH; 

oh Re n 




R3 R9 



wherein 

R 2 , R 3 , R« and R 5 are as hereinbefore defined; 

R^, R 7 , R g , R,, and R 10 , which may be the same or 
different are each R 5 or — OR 5 ; 
the cyanoacrylate monomer in the stabilized liquid compo- 
sition after irradiation being substantially ungelled. 

The invention further provides a method of making a 
curable sterile cyanoacrylate adhesive composition for use 
in bonding which comprises preparing a liquid composition 
comprising 

(a) a cyanoacrylate monomer 

(b) a combination of an anionic stabilizer and a free- 
radical stabilizer in amounts effective to stabilize the 
composition during sterilization by gamma irradiation 
and to stabilize the sterilized composition during stor- 
age prior to cure, 

wherein the free-radical stabilizer is a phenolic antioxidant 
selected from compounds of the formula I or II as defined 
above, and exposing the composition in liquid form to 
gamma irradiation in a dose sufficient to sterilize the com- 
position without substantial gelling of the cyanoacrylate 
monomer. 

In the compounds of Formula I or II an alkyl or alkenyl 
group preferably has up to 10 carbon atoms, more particu- 
larly up to 5 carbon atoms, most preferably up to 4 carbon 
atoms, and an aryl group preferably has up to 20 carbon 
atoms, more particularly up to 10 carbon atoms. 

In particularly preferred compounds of Formula I or II, at 
least one of R,, R 2 , R 4 and Rj (and in the case of compounds 
of Formula II at least one of R 7 , R 8 and R 10 ) is — C(CH 3 ) 3 . 
Preferably also, R 3 (and in the case of compounds of 
Formula n also Kg) is selected from — CH 3 and — OCH 3 . 

The most preferred compound of Formula I is butylated 
hydroxyanisole (BHA) which is a blend of isomers (2-tert- 
butyl-4-methoxy phenol and 3-tert-butyl-4-methoxy phe- 
nol). 

The preferred cyanoacrylate monomers are alkyl, alkenyl 
and alkoxy cyanoacrylate esters, more particularly such 
esters wherein the alkyl or alkenyl group has up to 10 carbon 
atoms, especially up to 5 carbon atoms. 

The cyanoacrylate monomer may be selected from 
methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, sec- 
butyl, tert-butyl, n-pentyl, iso-pentyl, n-hexyl, iso-hexyl, 
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Polymethyl methacrylate, for example, may contain a resi- 
due of peroxide. Irradiation may itself cause some thicken- 
ing of the composition. For medical or veterinary use a 
maximum composition viscosity after irradiation of about 
200 mPas is desirable, preferably less than 50 mPas, espe- 
cially less than 25 mPas. 

The adhesive compositions of this invention will retain 
their usability in bonding applications for extended periods 
at room temperature but are preferably stored under refrig- 
eration for maximum shelf-life (see Example No 7). When 
packaged in screw-cap bottles or tubes, an outer sealed metal 
foil pouch is required to preserve sterility. This barrier also 
prevents absorption of atmospheric moisture which can 
initiate premature gellation of the adhesive. 

Hie invention discloses a process and a formulation 
resulting in a shelf-stable, sterilisable cyanoacrylate adhe- 
sive which can be used for the bonding of tissue in medical 
and veterinary applications. 

The term "ppm" as used in this specification means parts 20 
per million by weight. 

All irradiation treatments in the following Examples were 
carried out in conventional manner at ambient temperature, 



TABLE 1 



25 



10 



15 



Sample Rcf. 


HQ(ppm) 




Before Irradiation 


After Irradiation 


A 


500 


Solidified 


B 


1406 


812 


C 


1580 


988 


D 


1714 


953 


E 


2560 


1782 


F 


2574 


1857 



DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 



The results show a reduction in HQ concentration fol- 
lowing gamma irradiation. 

EXAMPLE 2 

(Comparative) 

A sample of BCA containing 53 ppm S0 2 and 2983 ppm 
HQ was prepared as described in Example 1 . A portion of the 
sample was subjected to a gamma irradiation dose of 25 kGy 
under the conditions described in Example 1. 

Both the untreated control and the irradiated sample were 
assayed to determine if any chemical or physical changes 
had occurred during the treatment. Results of the assay are 
in TABLE 2. 



EXAMPLE 1 



30 



TABLE 2 



Sample A 


0.05% 


(500 ppm) HQ 


Sample B 


0.1406% 


(1406 ppm) HO 


Sample C 


0.1580% 


(1580 ppm) HQ 


Sample D 


0.1714% 


(1714 ppm) HQ 


Sample E 


0.2560% 


(2560 ppm) HQ 


Sample F 


0.2574% 


(2574 ppm) HQ 



35 



(Comparative) 

A batch of n-Butylcyanoacrylate (BCA) was distilled 
under, reduced pressure of 1 mg Hg. The distillate was 
collected in a receiving vessel containing a concentrated 
solution of sulphur dioxide (SOJ in a small volume of 
previously purified BCA monomer. The yield of distillate ^ 
was weighed and the concentration of S0 2 adjusted to 
0.0100% (100 ppm). 

This stabilized control BCA monomer was then divided 
into a- number of parts. To these parts was added hydro- 
quinone (free radical stabilizer) to give the following series 45 
of samples containing the stated concentrations of hydro- 
quinone (HQ). 



50 



55 



60 



Portions of sample A to F were packed into small plastic 
bottles with screw cap closure. Each bottle was enclosed in 
an aluminium foil sachet which was heat sealed. The sachets 
and contents were then subjected to a gamma irradiation 
treatment, using a cobalt 60 source, with a dose of 25 
Kilogray (kGy). 

After treatment the samples were removed from the 
sachets and examined visually. Sample A was found to have 
solidified. Samples B to F inclusive were low viscosity on 
inspection and the HQ content was assayed by the HPLC 65 
technique. The HQ concentrations before and after irradia- 
tion were as follows: 





Untreated Control 


Irradiated 


HQ (ppm) 


2983 


2076 


SOa (ppm) 


53 


ND 


H 2 S0 4 (ppm) 


ND 


60 


1 ,4-Benzoquinone 


ND 


552 


n-Butylcyanoacetate (%) 


0.20 


0.20 


Viscosity (mPaS) 


Z4 


7.4 



The detectable chemical and physical changes in the BCA 
composition following irradiation can be summarized as 
follows: 

(a) Approximately 25% of the hydroquinone was con- 
verted to 1 ,4-benzoquinone. 

(b) All the S0 2 was converted to sulphuric acid with 13 
ppm of S0 2 being consumed, 

(c) The viscosity of the BCA monomer increased from 2.4 
to 7.4 mPaS. 

EXAMPLE 3 

(Stability Tests Without Irradiation) 

A batch of BCA monomer was prepared as in Example 1 
and stabilized with 100 ppm S0 2 . No free radical stabilizer 
was added at this stage. 

The batch of S0 2 stabilized BCA monomer was then 
sub-divided into a number of parts to each of which was 
added a known antioxidant material at a concentration of 
0.54. These were mixed at room temperature and all dis- 
solved readily in BCA monomer except 4-tert-butoxyphe- 
nol. This material had poor solubility even after mixing and 
heating for an extended period. 

The efficiency of the antioxidants to act as free radical 
stabilizer in BCA was assessed by aging small samples of 
each antioxidant solution in corked glass tubes at 80° C. and 
55° C. (in air circulating ovens). The time for gellation or 
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4-Ethoxypheaol 
£-MethoxyphcnoI 



19- 20 

20- 22 



90-97 
104-lOg 



19-20 

io~n 

18-19 
24-25 



90-92 
83-89 
83-89 
104-108 



mmmm mmm 



25 



EXAMPLE 4 

A batch of BCa «, 

f^Pies of each tes^n , U "° m ^ e ^ 
PO]vethi/J^« u * a 1651 solution w. ro . . ^ 



TABLE 4 



EXAMPLE 5 



35 



EXAMPLE 6 



A batch of BPa m~ 
stabilized ww. monomcr was distiJJed as in * 




2,2'-meihyJeii e bi S (4. methvI 
J-HUioxyphenol 



2490 

4970 

J0000 

5000 
5000 
5000 
5000 
1000 

2500 

1500 

1500 



TABLE 5 



3.4 

3.4 

3.4 
3.4 
3.4 

3.4 

3.4 

3.4 

3.4 

3.4 




9.9 
3.4 
14.1 
Gelled 
Celled 

4.9 
Gelled 
Soft 
gel 
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The irradiated samples and untreated controls were tested 
as follows: 

(a) BHA assay by HPLC. 

(b) S0 2 or H 2 S0 4 by potentiometric Titration. 

(c) Viscosity by Cannon Fenske capillary viscometer 
meLhod. 

(d) Bond strength on Nylon 66 lapshears of dimensions 
100 mm x 25 ram x 2 mm with an overlap bonded area 
of 312.5 mm 2 . The bonds were clamped and cured for 
24 hours at RT. The bond strength was determined 
using a Tensile testing machine at a crosshead speed of 
2 mm/min. 

(e) Time to gel when aged in glass test tubes at 82° C. in 
an air circulating oven. 

(f) Time to gel when aged in a polyethylene bottle at 55° 
C. in an air circulating oven. 

See Test results before irradiation (Tfcble 6A) and after 
irradiation (Table 6B). 



12 



The tests included assays for BHA, S0 2 , viscosity and 
bond strength on Nylon 66 and the test methods are 
described in Example No. 7. Total purity as BCA was 
determined by gas chromotography. 



10 



TABLE 6A 









(Before Irradiation) 














Bond 


Gel 


Gel 


BCA 








Strength 


Time at 


Time at 


Composition 


BHA 


S0 2 


Viscosity 


Nylon 66 


82° C 


55° C. 


Ref. No. 


(ppm) 


(ppm) 


(mPaS) 


(daNcm" 2 ) 


(days) 


(days) 


1 


3034 


31 


13.7 


25 


10+ 


50+ 


2 


2997 


42 


14.2 


27 


10+ 


50+ 


3 


3189 


50.4 


14.5 


32 


10+ 


50+ 


4 


3289 


66.7 


14.5 


26 


10+ 


50+ 


5 


3267 


79.8 


14.5 


24 


10+ 


50+ 


6 


3229 


94 


14.5 


24 


10+ 


50+ 



TABLE 6B 
(After Irradiation) 











Bond 


Gel 


Gel 


BCA 








Strength 


Time at 


Time at 


Composition 


BHA 


S0 2 


Viscosity 


Nylon 66 


82° C 


55° C. 


Ref. No. 


(ppm) 


(ppm) 


(mPaS) 


(daNcm- 2 ) 


(day 3 ) 


(days) 


1 


1995 


2 


9.4 


21 


1.5 


<14 


2 


1992 


7 


9.7 


23 


2.5 


<14 


3 


2131 


16 


10.0 


23 


5.5 


27 


4 


1917 


20 


10.6 


22 


8.5 


41 


5 


2142 


32 


10.6 


19 


8.5 


49,5 


6 


2046 


42 


10.8 


17 


8.5 


49.5 



The result of above trials show that BCA monomer so 
stabilized with about 3000 ppm BHA and > 50 ppm S0 2 
gives a composition which is stable after gamma irradiation 
of dose 25 kGy (Data at 55° C. + 82° C). 

EXAMPLE 7 55 

A formulation of n-butyl cyanoacrylate monomer was 
prepared as described earlier and 2500 ppm BHA and 102 
ppm S0 2 added as stabilizers. 

A sample of the batch was packed into polyethylene 60 
bottles, overwrapped with hermetically sealed aluminium 
foil sachets. 

The sachets and liquid contents were then sterilised by 
gamma irradiation at a dose of 29 kGy. 

A sample was tested (as detailed below) immediately after 65 
the irradiation treatment A further sample was aged for 2 
years at 4° C. and the tests repeated (Table 7). 



Fixture time on pig skin was the time needed to give a 
bond with handling strength on this biological substrate. 

TABLE 7 

TESTED AFTER IRRADIATION 



ASSAY Initial 2 Years at 4° C. 



Purity (% BCA) 


98.80 


98.79 


BHA (ppm) 


1014 


240 


S0 2 (ppm) 


126* 


114* 


Bond Strength on Nylon 


12.0 


9.0 


(daNcm- 2 ) 






Fixture time on Pig Skin 


12 


15 


(sees) 






Viscosity (mPaS) 


4.7 


5.9 



♦Titrated as H 2 S0 4 
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EXAMPLE 8 s 

A batch of an ad)»c ■ 
. 71118 method of wound ., ewound area 

by «^rf-vp£5K 

o) a combination of an ' 



25 



OH 



wherein 

" » K 3 is not — OH; or 



2 - A composition accordin Hf^ y Un8e,fed - 
founds 0 fF oraiuJa ^ 1 when*, in fte 
f " ~<W^ and in £ ° ne * R, r, J 

D J least one of R^ ^ J 3 * of Cm, 

3. A composition acwrdiL , , " bo 

"f/"" ^"-fflan by ST " ■".«■«* of above 
«• A composition accortSf ^ UIadiat, ' oa - 
nydroxyani sole C^ S ° *"» * the buly . 

15 °° Pms Per ^ **™ ^ ^ amount of above 

7 - A comp 0 si u - on accord?™ , K Ulas ^on. 
cyanoacryiatemonom^S '''^ 1 the 
™ ^-butyl cyanoacryiate, , *«* ^ 

10 A composition ar^L Sujphunc acid. 
r^^CSS,^ P wherein the 
*«= ran*e 20 to 150 p^ n ani0UDt b ■> amount in 

^eSSi^ «. cyanoacryiat, 

W) a combination of an • 
composition during s ^°, ffectIve to stabilize Z 

«- io.mu. *— his 

S ° wheretri 10 ^ * Stor - 



30 



45 




wherein 

"^2* and R, nrp i 

^ ^inbefore defined,- and 



60 



65 



OH 



wherein 83 

"NH I-JLSKJS J <° 2 ° carbon atom, an 
Wvm g6tt3 / c ^^on atoms or^ ^ 
R4. which nay be .u/f 000 at0, ns and R., r, r 
—or _ 7^ eUles ameorajftV,.„. " 2 '*3.and 
^Rs. proved that when r ™*. are each R 3 or 

-«-R3isnot_OH;or "^'^^R, are each 



02/23/2004, EAST v 

Version; 1>4>1 



5,530,037 



15 




wherein 

R 2 , R 3 , R 4 , and R 5 are as hereinbefore defined and R 0 , R 7 , 
R 8 , R^ and R 10 , which may be the same or different, 
are each R s or — OR 5 ; 
and exposing the composition in liquid form to gamma 
irradiation in a dose of at least 25 kGy without substantial 
gelling of the cyanoacrylate monomer. 

12. A method according to claim 11 wherein the anionic 
stabiliser is present in the composition prior to irradiation in 
an amount in the range 15 to 500 parts per million by weight 
of the composition. 

13. A method according to claim 12 wherein the anionic 



16 



stabiliser is present.in an amount in the range 40-120 parts 
per million, 

14. A method according to claim 11 wherein the phenolic 
antioxidant is present in the composition prior to irradiation 
in an amount of at least 1500 parts per million by weight of 
the composition. 

15. A method according to claim 14 wherein the phenolic 
antioxidant is butylated hydroxyanisole in an amount above 
2000 parts per million. 

16. A method as in claim 11, wherein the composition is 
exposed to a dose of gamma irradiation that is in the range 
of 25-35 kGy. 

17. A composition according to claim 1 wherein the 
cyanoacrylate monomer is n-butyl cyanoacrylate. 

18. A composition as in claim 1, wherein the free-radical 
stabilizer is 2,2 , -methylenebis(4-methyl-6-tert-butylphenol) 
in an amount in excess of 4970 parts per million. 
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